. Do lifestyle behaviours explain socioeconomic differences in all-cause mortality, and fatal and non-fatal cardiovascular events? Evidence from middle aged men in France and Northern Ireland in the PRIME Study. Preventive Medicine, 0(3-4), 0-0. https://doi.Do lifestyle behaviours explain socioeconomic differences in all-cause mortality, and fatal and non-fatal cardiovascular events? Evidence from middle aged men in France and Northern Ireland in the PRIME Study Objective. To examine the contribution of lifestyle behaviours to the socioeconomic gradient in all-cause mortality, and fatal and non-fatal cardiovascular events.
Introduction
Socioeconomic differentials in mortality and cardiovascular disease (CVD) incidence have been described in France Ducimetière, 1995, Lang et al., 1997; Yarnell et al., 2005) and other European countries (Kunst et al., 1998) . The possible contribution of conventional risk factors and lifestyle behaviours to socioeconomic gradients in cardiovascular mortality is estimated at 15-40% (Davey Smith et al., 1994; Marmot et al., 2008) . However, few studies have comprehensively examined lifestyle behaviours, whilst it is also unclear whether their contribution to the socioeconomic gradient is similar in countries with different lifestyle behaviours. The PRIME study prospectively examined middle-aged men in France and Northern Ireland; countries with significant differences in culture and lifestyle. The contribution of lifetime smoking habit to the socioeconomic differential in mortality and CVD incidence has recently been examined (Yarnell et al., 2011) . The median residual contribution of lifetime smoking habit was 21% for total mortality and 18% for CVD incidence. As a substantial proportion of the socioeconomic gradient was not explained by smoking behaviour, we have now examined the contribution of other lifestyle behaviours (alcohol consumption, fruit, vegetable and juice consumption (FV), physical activity). We also examined which of the individual lifestyle behaviours contributed most to the socioeconomic gradient.
Methods
Study Population: The PRIME Study is a multi-centre, prospective cohort study. Men aged 50-59 years from the general population were recruited between 1991 and 1993 in Lille, Strasbourg and Toulouse in France, and in Belfast, NI (Yarnell et al., 2005 (Yarnell et al., , 2011 . A detailed medical and lifestyle questionnaire was completed at the baseline examination, including lifetime Preventive Medicine 54 (2012) [247] [248] [249] [250] [251] [252] [253] smoking, physical activity (Wagner et al., 2003) alcohol consumption, (Ruidavets et al., 2010) and diet (Dauchet et al., 2004) .
Socioeconomic variables
Socioeconomic data included length and type of education, home ownership, car ownership, marital and employment status, the number of people in the household and a summary variable termed "material condition", based on home ownership and the number of cars, baths/showers and toilets (Wagner et al., 2003) . Low material condition was defined by rental accommodation with one or fewer cars, baths/showers, and toilets; high material condition was defined as home ownership with two or more cars and, either two or more baths/showers, or two or more toilets; the remaining subjects were classified as living in a mid-(range) material condition.
Lifestyle behaviour variables
The distribution of pack years of smoking was heavily skewed and was summarised using median and interquartile range. Lifetime smoking was expressed in five categories: never smoked, smoked other than cigarettes, smokedb 15 cigarette pack years, smoked ≥15 but b 30 cigarette pack years and smoked ≥30 cigarette pack years. Alcohol intake was also expressed as five categories of consumption; none, 1-128, 129-265, 266-461 and ≥462 ml/week, and four frequency categories (non-consumers, consumes alcohol in 5-7 days, 3-4 days or 1-2 days per week). FV consumption (portions/day), and total physical activity (in metabolic equivalent scores/week) were each positively skewed, and a square root transformation applied to each.
Ethical approval for baseline examination and for follow-up was obtained at each study centre; all participants gave informed consent and the study was compliant with the guidelines contained within the Declaration of Helsinki.
Follow-up: Men were followed up annually by questionnaire for 10 years and possible cardiovascular events confirmed by a medical committee (Ducimetière et al., 2001; Yarnell et al., 2011) . A total of 317 (3.0%) men were lost to follow-up after 10 years, 215 (2%) refused to continue participating in the study, and 653 (6.1%) died during this time. Cardiovascular events included validated myocardial infarction and/or stroke (fatal and non-fatal). Death certificates were obtained for all men who died and causes of death were classified using the International Classification of Diseases (ICD) Ninth Revision.
Statistical methods
Since men with clinical evidence of CVD may have modified their health-related behaviour, we excluded from further analyses 891 men with clinical evidence of CVD at baseline examination. Recurrent events were excluded from the analysis by ending follow-up at the time of a man's first event.
Lifestyle behaviours were compared across socioeconomic variables either by the chi-square test for categorical variables or by Kruskal-Wallis one way ANOVA for continuous variables.
Cox proportional hazards models were used for analysis of mortality and first cardiovascular events. In light of small numbers, the socioeconomic factors marital status (married/cohabiting versus single/ widowed/divorced), living accommodation (mortgaged/co-owned/ owned versus rented) and economic activity (working versus sick/ disabled/retired/unemployed) were regrouped into two categories prior to inclusion in the model. For the remaining socioeconomic Table 1 Smoking characteristics in subgroups defined by socioeconomic variable for 9709 men from Northern Ireland and France who were free of cardiovascular disease at entry factors, a test for trend across the categories was used. For two categories, the hazard ratios represent a straightforward comparison of two categories while for the latter they represent the change in hazard associated with one step up the scale. The extent to which gradients in mortality or cardiovascular incidence (first event) between socioeconomic groups could be explained by lifestyle behaviours was estimated using the expression 100(b 0 − b 1 ) / b 0 , where b 0 was the coefficient for country or socioeconomic group on a log hazard scale in the Cox regression model without lifestyle behaviours and b 1 the coefficient in the corresponding model with lifestyle behaviours (Hardoon et al., 2008) . This approach provided an estimate of the residual percentage contribution of lifestyle behaviours after adjustment for age and country. These residual contributions were only calculated if the socioeconomic gradient coefficient, b 0 , was significant before lifestyle and conventional risk factors were added to the model; otherwise these residual contributions could simply reflect random variation. Bootstrap re-sampling was used to obtain a 95% confidence interval (CI) for each residual contribution estimate. This analysis was performed using Stata release 9 (College Station, Texas) while the remainder was performed using SPSS version 17 (SPSS Inc., Illinois).
Results
Differences in lifestyle behaviours between countries are shown (Tables 1-3). Baseline cigarette smoking was more common in NI than France and pack-years of smoking higher in NI than France. A higher proportion of French men consumed alcohol, although weekly consumption was similar in the two countries. Alcohol consumers in NI consumed it in fewer days than in France. NI men were more physically active, but consumed fewer daily FV portions.
Lifestyle behaviours showed significant socioeconomic gradients (Tables 1-3) . These were similar in both countries, except for the percentage of alcohol consumers, which was less associated with socioeconomic variables in NI than France, and alcohol frequency, which was less associated with socioeconomic variables in both countries, but particularly in France.
Risks of death or of a first cardiovascular event are shown in Table 4 by individual socioeconomic categories in three columns; in model 1, adjustment has been made for age and country only; in model 2, data are adjusted for all lifestyle behaviours, in model 3, further adjustment has been made for conventional risk factors. Socioeconomic factors were more closely associated with all-cause mortality than with CVD. Interactions between country and each of the socioeconomic variables were fitted but none attained significance (P b 0.05) suggesting that socioeconomic factors had broadly the same effect on the risk of death or of CVD in France and NI.
In the analysis of all-cause mortality the contribution of all seven socioeconomic indicators remained statistically significant in model 2. The median percentage of the country/age-adjusted effect explained by adjustment for lifestyle behaviours was 28%, similar to the analysis Table 2 Alcohol intake in subgroups defined by socioeconomic variable for 9709 men from Northern Ireland and France who were free of cardiovascular disease at entry of material condition (34%). Additional adjustment for conventional risk factors (model 3) increased the median percentage of the country/age-adjusted effect explained to 38% (41% for material condition). For CVD only four of the seven socioeconomic indicators were significant after adjustment for age and country (model 1) and only two remained significant in model 2. For the four significant indicators in model 1, the median percentage of effect explainable by lifestyle behaviours was 41%; the influence of material condition was no longer significant in model 2, with adjustment for lifestyle behaviours explaining 51% of the country/age-adjusted estimate. After additional adjustment for conventional risk factors (model 3), none of the socioeconomic indications were significantly associated with cardiovascular incidence and many of the hazard ratios lay close to 1.0. Adjustment for lifestyle behaviours and conventional risk factors increased the median percentage of the age/country-adjusted effect explained to 67% (65% for material condition). However, some of the confidence intervals in these analyses exceeded 100% indicating that, in a number of bootstrap samples, the socioeconomic effect would not only be abolished but even reversed after adjustment for lifestyle and conventional risk factors. This emphasises the potentially large sampling variability for some of the estimates of percentage explained. Fig. 1 shows the effects of adjustment for the lifestyle behaviours, both individually and in combination. For all socioeconomic variables, and for both all-cause mortality and CVD, the largest contributor to the socioeconomic gradient was smoking, followed by FV intake and finally physical activity and alcohol.
Discussion
Despite clear differences in lifestyle behaviours between NI and France, there were significant socioeconomic gradients in lifestyle behaviours in both countries. Combined lifestyle behaviours (smoking, physical activity, FV intake and alcohol consumption, considered as both amount and frequency of consumption) explained 28% and 41% (median) of the socioeconomic gradient in total mortality and cardiovascular incidence respectively. The addition of known cardiovascular risk factors increased these percentages to 38% and 67%.
Healthier combined lifestyle behaviours have consistently been associated with lower total mortality (Khaw et al., 2008; van Dam et al., 2008) , disease-specific mortality (van Dam et al., 2008) , and risk of CHD (Akesson et al., 2007) , and stroke (Myint et al., 2009 ), although the lifestyle behaviours included and measurement methods differ between studies. Fewer studies have, however, examined the ability of combined lifestyle behaviours to explain socioeconomic differences in mortality or disease incidence. Most studies suggest that a large proportion (often >50%) of the socioeconomic gradient in mortality or CVD incidence remains unexplained by lifestyle behaviours alone. For example, in a 13 year follow-up of the Whitehall study (Marmot et al., 2008) , current smoking habit, physical activity, diet and alcohol consumption explained 30% of the inequality index in occupational grade for CHD incidence. Similarly, in an analysis of the Americans' Changing Lives Survey, smoking, alcohol, BMI and physical activity together only accounted for 12-13% of the predictive effect of income on mortality (Lantz et al., 1998 (Lantz et al., , 2010 . In fact, Lynch et al. (1996) , in analyses of the Kuopio Ischemic Table 3 Other lifestyle behaviours in subgroups defined by socioeconomic variable for 9709 men from Northern Ireland and France who were free of cardiovascular disease at entry (1991) (1992) (1993) (1994) Lifestyle behaviours were compared across socioeconomic variables by Kruskal-Wallis one way ANOVA. All comparisons were significant (P b 0.05) except where indicated a .
Heart Disease Risk Factor Study, showed that, after adjustment for biologic risk factors, further adjusting for behavioural risk factors including alcohol, smoking and physical activity, explained little of the excess relative risk of myocardial infarction in the lowest income group.
In this study, despite significant and consistent socioeconomic gradients in lifestyle behaviours, differences in lifestyle behaviours account for approximately 30% of inequalities in mortality, and 40% in cardiovascular incidence. Even after inclusion of cardiovascular risk factors, 62% and 33% of the socioeconomic gradient in all-cause mortality and cardiovascular incidence, respectively, were still unexplained. Other factors must therefore contribute to the observed socioeconomic gradient, perhaps related to material factors such as exposure to occupational and environmental hazards or access to healthcare, or psychosocial factors such as lack of social support, self-esteem, and exposure to stress. The data from the current study suggest that policies simply concentrating on improving lifestyle behaviours in lower socioeconomic groups are unlikely to eradicate the socioeconomic gradient in cardiovascular incidence, and, in particular, all-cause mortality.
Although the main focus of this analysis was an examination of combined lifestyle behaviours, after our previous focus on smoking (Yarnell et al., 2011) , we were also interested in which of the individual lifestyle behaviours explained most of the socioeconomic gradient. When adjustments were made individually, smoking behaviours contributed most, with FV intake contributing to a lesser extent, and alcohol consumption and physical activity having little impact. This is in agreement with previous work, which found smoking to be the strongest contributor, with physical activity and dietary pattern, but not alcohol consumption, making modest contributions (Marmot et al., 2008) . As drinking patterns differ in France and NI, and these patterns are associated with CHD risk (Ruidavets et al., 2010) , our analysis incorporated both alcohol consumption and the number of days over which alcohol was consumed.
Strengths of the current analysis are that we were able to consider a panel of lifestyle behaviours, including lifetime smoking behaviour, and that we included both an estimate of total alcohol intake and frequency of consumption. The analysis has been carried out in two countries with significant differences in lifestyle behaviours, but the observations made were similar in both countries. The bootstrapping method also allowed the presentation of confidence intervals around the estimate of the percentage of the socioeconomic gradient explained by the various adjustments. Finally, the 95% complete follow-up at 10 years is also a strength.
Weaknesses of the current analysis include the self-reported assessment of lifestyle behaviours when objective measures, e.g. accelerometers for physical activity, would have been preferable. Lifestyle behaviours were only assessed at one time-point, and it is possible that these lifestyle behaviours change over time. In an analysis of civil servants (Stringhini et al., 2010) , which assessed health behaviours at 4 time-points over a 24 year period, health behaviours explained only 42% of social inequalities in all-cause mortality when baseline health behaviours were used, but this increased to 72% when the repeated measures were included. The difference between the baseline only and repeated assessments of health behaviours in the study of civil servants was mostly due to an increased explanatory power of diet, physical activity and alcohol, with the role of smoking remaining similar. By having only a single measure of diet, physical activity and alcohol in the current study, the contribution of these health behaviours to the socioeconomic gradient may therefore lead to an underestimation of their effects. However, we have excluded those with clinical evidence or history of CVD at baseline, and therefore major lifestyle changes motivated by illness are likely to have been minimised. The scope for reverse causality also increases when using repeated measures if people change lifestyle in periods of ill-health occurring prior to death, although this possibility can be reduced by considering only repeated lifestyle behaviours prior to the outcome event. A final weakness is that we focused on men Table 4 Hazard ratios for death from any cause and for a cardiovascular event by socioeconomic gradient, and estimated proportion of that gradient explained by lifestyle factors alone, and lifestyle factors and conventional risk factors in men from NI and France (assessed in 1991-1994 aged 50-59 years, and therefore our findings are only applicable to that specific cohort. The current report may also underestimate the contribution of lifestyle behaviours to the health outcomes presented since men with evidence or history of CVD at baseline (9%) were excluded from the present analyses. Such men have a much greater mortality and cardiovascular incidence than the largely healthy remaining cohort; lifestyle behaviours would be expected to have contributed to premature disease in these men, and may have increased the socioeconomic gradient. However, re-analysis of the data to include these subjects resulted in only small alterations in hazard ratios for all socioeconomic variables for mortality and cardiovascular incidence, and the values for the percentage of these gradients 'explained' by lifestyle and conventional risk factors remained largely unchanged.
Conclusion
The substantial gradients in mortality and in cardiovascular incidence between socioeconomic groups in NI and France are only partially explained by lifestyle behaviours and cardiovascular risk factors. Substantial proportions of these gradients remain unexplained, particularly for overall mortality. Table 4 ) on that estimate.
